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(57) ABSTRACT 

System for monitoring the performance of at least one line 
at a node of a digital communication network, Such a System 
including a set of hardware registers associated with the line 
for registering line performance information associated 
there with, a Set of counters associated with the line, each 
counter defining a parameter depending on the line perfor 
mance information, and a processing unit for, during a 
predetermined period of time, gathering the line perfor 
mance information from the counters in a performance 
report to be sent to a network management unit. One table 
(22, 24 or 26) is associated with the line and stores all the 
data necessary to read the parameter for each counter of the 
asSociated Set of counters with the line, and a processing 
machine (20) reads the table, Sequentially computes the 
parameters defined by each counter by using the data Stored 
in the table, and Sequentially updates the counters. 
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SYSTEMAND METHOD FOR MONITORING 
LINE PERFORMANCE IN A DIGITAL 
COMMUNICATION NETWORK 

FIELD OF THE INVENTION 

The present invention relates to Systems for monitoring 
the entities of a communication network through continuous 
collection and analysis of data derived by observing their 
performance. More particularly, the invention relates to a 
System and a method for monitoring the performance of the 
lines in a digital communication network. 

BACKGROUND 

There are a variety of Strategies governing maintenance 
operations associated with today's telecommunications net 
WorkS. While maintenance Strategies are fairly diverse in 
their procedural details, they are usually based upon a 
common set of guiding principles (or philosophies) that are 
intended to fulfill the general needs and objectives of 
individual network providers. Maintenance Strategies rely 
upon three fundamental operations tools: Surveillance, Test 
ing and Restoration. 

Surveillance refers to the real-time, non-intrusive moni 
toring of the various components of a network, So that 
performance degradations can be identified before customer 
Service is adversely affected. 

The Surveillance is principally performed by the perfor 
mance monitoring which is defined in the American 
National Standard for Telecommunications “Layer 1 
In-Service Digital Transmission Performance Monitoring” 
as being the monitoring of a particular entity's health 
through continuous collection and analysis of data derived 
by observing its performance. In the context of this standard, 
the term performance monitoring refers to the Set of func 
tions and capabilities necessary for a network element to 
gather, Store, threshold and report performance data associ 
ated with its monitored digital transmission entities. These 
performance-related data elements are termed performance 
parameterS. 
When applied to lines as entities of the network, the 

performance monitoring relates to all digital line communi 
cations for line speeds starting from 1.544 Mbps (T,) up to 
155 Mbps (OC) and above. 

Line performance monitoring relies on a set of perfor 
mance counters which is defined for each digital line. These 
counters are capital for Services that do not define any other 
performance counterS Such as voice. They are also important 
for digital data, for instance HDLC. 
At each node of a communication network to be 

monitored, a line interface includes Several Successive hard 
ware elements Such as a front end transformer, a line 
transceiver and a framer. Usually, a processor is in charge of 
configuring the hardware elements and also managing 
alarms and line performance parameters. So, the processor 
collects the defects and anomalies and generates perfor 
mance counters by running a specific Software process. 

Such a line performance monitoring presents Several 
drawbackS. First, it is timing dependent insofar as Several 
counterS require a complex timing adjustment as, for 
example, for the parameters depending on the failures. 

This line performance monitoring is also totally depen 
dent on hardware. As a matter of fact, assuming a T. 
interface is replaced by an E interface, the framer has to be 
changed and therefore, all register addresses and contents 
enabling to proceSS line performance parameters are differ 
ent. 
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2 
Furthermore, the high number of line performance param 

eters increases the technical complexity Since the total code 
length is usually proportional to the number of parameters 
which are monitored by counters. This number which can be 
very important increases the complexity, as for example in 
SONET requiring 49 such counters. 

SUMMARY OF THE INVENTION 

It is why the object of the invention is to provide a new 
System and process of line performance monitoring using a 
Software process which is independent on hardware and 
timing. 
To achieve the foregoing object, the invention relates to a 

System for monitoring the performance of at least one line at 
a node of a digital communication network, Such a System 
including a set of hardware registers associated with the line 
for registering line performance information associated 
there with, a Set of counters associated with the line, each 
counter defining a parameter depending on the line perfor 
mance information, and a processing unit for, during a 
predetermined period of time, gathering the line perfor 
mance information from the hardware registers, computing 
the parameter and writing the parameters defined by the 
counters in a performance report to be sent to a network 
management unit. The System also comprises one table 
asSociated with each line for Storing all the data necessary to 
read the parameter for each counter of the Set of counters 
asSociated with this line, and a processing machine for 
reading the table, Sequentially computing the parameters 
defined by each counter by using the data Stored in the table, 
and Sequentially updating the counters. 
Another aspect of the invention is a process of monitoring 

the performance of at least one line at a node of a digital 
communication network using the above System comprising 
the Steps of reading from a Sub-table of the table associated 
to a counter to be updated, the data necessary to read 
performance information on the line from the associated 
hardware registers and to compute the parameter for this 
counter, reading the hardware registers by using a first part 
of the data read in the Sub-table, computing the parameter 
for this counter by using a Second part of the data read in the 
Sub-table, updating the counter by the computed parameter, 
and writing this parameter in the performance report to be 
Sent to the network management unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the invention will 
be more readily understood in conjunction with the accom 
panying drawings, in which: 

FIG. 1 is a Schematic diagram representing a digital 
communication network wherein the invention can be 
implemented. 

FIG. 2 is a block-diagram of a card interfacing a com 
munication line in a node of a network illustrated in FIG. 1. 

FIG. 3 is a flow-chart of the processing machine incor 
porated in a System according to the invention. 

FIG. 4 is a Schematic representation of the essential 
features used in a System according to the invention. 

FIG. 5 is a diagram representing the total code length with 
respect to the number of interfaces without using the inven 
tion and with the use of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows a communication network wherein the 
invention can be implemented. This network includes a 
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plurality of nodes Such as N, N, N, N and Ns which can 
receive voice (e.g. N.) or data (e.g. N.) from attached 
Terminals. Such nodes are connected by various types of 
lines. Thus, N is connected to N by a T line, N is 
connected to N by an OC12 line, N is connected to N by 
an OC line, and N is connected to N and Ns by T lines. 

Each node is composed of a raw assembly (rack) and 
Several plugged cards interfacing directly the lines intercon 
necting the nodes. The System of the invention is imple 
mented in three nodes N, N and N which are reporting a 
performance report for respectively T., OC and T lines to 
a Network Management which can be typically the IBM 
system Net View 6000 running on a RISC System 6000 or 
the Hewlett Packard, OpenView (Registered Trademarks). 
A card of a node interfacing a T line is illustrated in FIG. 

2. It is composed of a front-end transformer 10 which 
assures the protection of overVoltage, the ground isolation 
(via a DC-DC transformer) and the impedance adjustment, 
of a line transceiver 12 for the digitalization of the analog 
Signal received on the T line, and of a framer 14 for 
detecting frames according to the Standards and providing 
time slots for data output. 
A processor 16 is in charge of configuring the hardware of 

the card, and also managing alarms and performance param 
eters. Processor 16 collects the defects and anomalies from 
hardware registers associated with front-end transformer 10, 
line transceiver 12 and framer 14. Then, by running a 
Software process according to the invention, processor 16 
generates parameters in dedicated counters. Finally, a per 
formance report is sent from processor 16 to the Network 
Management as illustrated in FIG. 1. 
To implement the invention, processor 16 includes the 

essential features illustrated in FIG. 3, that is a unique 
processing machine 20 in charge of processing the same 
proceSS for all line interfaces, and a set of interface counter 
tables (ICT) such as tables 22 for interface T, 24 for T and 
26 for E. Each interface counter table includes a counter 
table for each counter to be processed. The processing 
machine (which is a program, written for instance in C 
language) represents about 0.6 kloc whereas each interface 
counter table represents about 0.4 kloc in the RAM of the 
processor. 

The definition of a counter consists in a conjunction of 
conditions on the hardware registers or Software table val 
ues. The complete equation is described by a set of condi 
tions bounded by logical operators. So, each counter is 
represented in the interface counter table by a counter table 
comprising a set of Sub-tables. Each Sub-table has the 
following format: 

the address of the hardware register or the software table 
to be read in order to determine the line performance, 

a type Such as char, short, long (as defined by Clanguage), 
which is the size of the entity considered, 

an offset which is used when the interface includes several 
lines of the same type for determining the other 
addresses from an initial address, 

a mask. Only a few bits may be relevant (especially for 
framer monitoring registers that contain more than one 
type of data per register), 

a shift, as data masked may not be on lower bits, 
a threshold which is the threshold value if relevant or zero 

if no thresholding is applied, 
a condition of operation equal, greater than, less than or 
no comparison, with respect to the threshold value, 

a logical operator (AND, OR) which bounds with the next 
sub-table. If logical operation is STOP-L, there is no 
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4 
more condition Sub-table for this counter. The line 
performance parameter is equal to the result of this 
logical operation. 

It must be noted that the number of line performance 
counters defined in each ICT table is determined by stan 
dards giving parameters definition according to the line 
speed. For instance Table 4 of T1N1 standards gives the T 
line parameter definitions whereas the parameter definitions 
for SONET lines are given in Table 12. These definitions are 
used to determine which hardware registers and which 
Software variables will be used to code the counter. 
The algorithm followed by the processing machine for 

updating each counter is now described in reference to FIG. 
4. ASSuming that there are n counters for the interface, 
variable n has been set to zero at step 30. This variable is 
incremented for each counter at Step 32. Then, the informa 
tion associated with counter n is read at Step 34, from the 
ICT table. This information provides the addresses of the 
hardware registers (or software tables) to be read at step 36. 
Note that, further to the address of a hardware register, the 
information in the ICT table determines the length of data to 
be read, a mask defining the Selective reading of bits in the 
register, and a shift to the right enabling a correct reading of 
the value. 

Then, the parameters are processed at Step 38 by using the 
conditional operator of the counter table for comparing the 
read value to the threshold. The different conditions may be 
combined with the logical operator defined in the counter 
table. Note that an operator is used to indicate that the 
counter is not defined for this type of framing. Finally, the 
result of the operations at step 38 is used to update the 
processed counter. 

Then, the new counter value is written in a performance 
report at Step 40. Note that Such a performance report can be 
forwarded to the network management at the end of each 
period during which all the counters have been processed or 
a consolidated performance report can be forwarded every 
period of time Such as every 20 S or every minute. 
At Step 42, it is determined whether the counter being 

processed is the last counter. If not, the processing machine 
returns to Step 32 where n is incremented. If So, the process 
goes to Step 44 where a waiting loop is run until the period 
of time T=1 Second has been lapsed and Starting again the 
processing algorithm. 

If there are Several line interfaces for the same node as 
illustrated in FIG. 3, the same processing is used for pro 
cessing the counters associated with the different lines, but 
a different interface counter table (ICT) is used for each 
different line. In Such a case, either all the counters associ 
ated with the different interfaces (for instance interfaces T, 
E. and E) are sequentially processed in the same period of 
time T, or the first interface is processed during a first period 
of time T, the Second interface is processed during a Second 
period of time T, etc. Note that, a same interface can include 
Several lines of the same type (e.g. T). In Such a case, only 
one ICT table is used for the lines of the same type except 
that the addresses of the hardware registers are different and 
defined by an offset information with respect to an initial 
address. 
As illustrated in FIG. 5, the implementation of the inven 

tion enables to Save memory Space. Thus, the prior technique 
requires about 1 kloc (thousands of lines of code) of high 
level language C code for an interface associated with a 
medium number of counters, Such as 15 counters for a T. 
line. Insofar as a different interface requires different 
counters, everything has to be coded again resulting in a size 
of code proportional to the number of interfaces. This is 
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illustrated by curve I which shows that 1 kloc is required for 
1 interface, 2 kloc are required for 2 interfaces, 3 kloc are 
required for 3 interfaces, and So on. 

With the use of the invention, about 0.6 kloc are required 
for the processing machine and about 0.4 kloc are required 
for each interface. Therefore, though the same total of 1 kloc 
is required for the first interface, the quantity of kloc which 
is required for Several interfaces is less than with the prior 
technique as shown by curve II. Thus, with 6 interfaces, only 
3 kloc are necessary if the invention is implemented whereas 
a total of 6 kloc is required in the prior technique. 
What is claimed is: 
1. System for monitoring the performance of at least one 

line at a node of a digital communication network, Said 
System including a Set of hardware registers associated with 
Said at least one line for registering line performance infor 
mation associated there with, a Set of counters associated 
with Said at least one line, each counter defining a parameter 
depending on Said line performance information, and a 
processing unit (16) for, during a predetermined period of 
time, gathering Said line performance information from Said 
hardware registers, computing Said parameter and writing 
the parameters defined by Said counters in a performance 
report to be sent to a network management unit; 

Said System being characterized in that it comprises: 
at least one line table (22, 24 or 26) associated with said 

at least one line and Storing all the data necessary to 
read Said line performance information from Said 
hardware registers and to compute Said parameter for 
each counter of Said Set of counters associated with 
Said at least one line, and 

a processing machine (20) for reading said line table, 
Sequentially computing the parameters defined by 
each one of Said Set of counters by using the data 
Stored in Said line table, and Sequentially updating 
Said counters. 

2. System according to claim 1, wherein Said processing 
unit (16) is included in an interface card located at the 
interface between Said at least one line and Said node, Said 
interface card also comprising a front-end transformer (10), 
a line transceiver (12) and a framer (14) each including one 
or Several hardware registers. 

3. System according to claim 1 or claim 2, wherein Said 
at least one line table (22, 24 or 26) comprises a plurality of 
counter tables, each one defining Said data necessary to read 
Said line performance information from Said hardware reg 
isters for each of Said Set of counters. 

4. System according to claim 3, wherein each one of Said 
counter tables comprises a plurality of Sub-tables each being 
asSociated with a hardware register for Storing at least the 
address of Said hardware register and a logical operator, Said 
Sub-tables defining conditions on Said hardware registers 
which are bounded by Said logical operators to get Said 
parameter for Said counter. 

5. Process of monitoring the performance of at least one 
line at a node of a digital communication network using a 
System according to claims 1 or 2, being characterized by the 
Steps of: 

reading from a counter table of Said at least one table 
asSociated to a counter to be updated, the data neces 
Sary to read performance information on a line from 
Said hardware registers associated with Said line and to 
compute Said parameter for said counter; 

reading Said hardware registers by using a first part of Said 
data read in Said counter table; 

computing Said parameter for Said counter by using a 
Second part of Said data read in Said counter table; 
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6 
updating Said counter by Said computed parameter, and 
Writing Said parameter in the performance report to be 

Sent to Said network management unit. 
6. Process according to claim 5, wherein said first part of 

data includes the addresses of Said hardware registers, the 
length of data to be read and may also include the offset to 
be used in Such addresses, a mask enabling a Selective 
reading of bits and a shift enabling a correct reading. 

7. Process according to claim 6, wherein Said Second part 
of data includes conditional operators to compare the read 
data to a predetermined threshold, and logical operators for 
combining the data resulting from the application of Said 
conditional operators. 

8. ProceSS according to any one of claims 4 to 7, being 
performed for each Sub-table associated with a counter of 
Said Set of counters during a predetermined period of time. 

9. System for monitoring the performance of a plurality of 
heterogeneous communication lines at a node of a digital 
communication network comprising 

a processor for executing a single line interface process 
for the plurality of lines; 

at least one interface counter table, the interface counter 
table including a counter table for each line perfor 
mance counter, the line performance counter being 
asSociated with each of the plurality of lines, the line 
performance counter being accessed by the line inter 
face process to compute performance parameters asso 
ciated with said each of the plurality of lines. 

10. System according to claim 9, wherein said processor 
is included in an interface card located at the interface 
between Said each plurality of lines and Said node, Said 
interface card also comprising a front-end transformer (10), 
a line transceiver (12) and a framer (14) each including at 
least one hardware register. 

11. System according to claim 10, wherein Said counter 
table defines data necessary to read performance information 
from Said hardware registers. 

12. System according to claim 11, wherein Said counter 
table comprises a plurality of Sub-tables each being associ 
ated with a hardware register for Storing at least the address 
of Said hardware register and a logical operator, Said Sub 
tables defining conditions on Said hardware registers which 
are bounded by Said logical operators to compute Said 
performance parameters. 

13. Process of monitoring the performance of at least one 
line at a node of a digital communication network using a 
System according to claim 9, being characterized by the 
Steps of 

reading from a counter table the data necessary to read 
performance information from Said hardware registers 
and to compute Said performance parameters, 

reading Said hardware registers by using a first part of Said 
data read in Said counter table; 

computing Said performance parameters by using a Sec 
ond part of Said data read in Said counter table; 

updating Said counter table with Said computed perfor 
mance parameter; and writing Said performance param 
eter in a performance report. 

14. Process according to claim 13, wherein said first part 
includes the addresses of Said hardware registers and the 
length of data to be read. 

15. Process according to claim 14, wherein Said Second 
part includes condition operators to compare the read data to 
a predetermined threshold, and logical operators for com 
bining the data resulting from the application of Said con 
ditional operators. 
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16. Process according to claim 12, being performed for 
each Sub-table during a predetermined period of time. 

17. A node for carrying out the method according to claim 
5. 

18. A communication network comprising at least one 
node according to claim 1. 

19. A communication network wherein Said at least one 
line further comprises: 

a T1 line, OR a T3 line, OR a O12 line, OR a OC3 line 
OR a SONET line. 

20. A communication network wherein Said at least one 
line further comprises: 

a line described in American National Standard for Tele 
communications. 

21. An apparatus for monitoring performance of a plural 
ity of communications lines, comprising: 

a set of hardware registers associated with each commu 
nications line of Said plurality of communications lines, 
the plurality of communications lines being Subdivided 
into different types of communications lines, and Said 
Set of hardware registers for each type of communica 
tions line chosen as appropriate for that type of com 
munications line; 

a computer memory; 
a processor to read all hardware registers of Said Set of 

hardware registers, Said processor to compute, in 
response to values read from Said hardware registers, 
values for counters used to monitor performance of 
each communications line of Said plurality of commu 
nications lines, and to Store results of the computations 
in Said computer memory. 

22. The apparatus as in claim 21 further comprising: 
means for periodically updating, upon expiration of a 

predetermined period of time, Said counters. 
23. The apparatus as in claim 21 further comprising: 
Said counters are arranged in Sets, with a said Set of 

counters arranged for each communications line of Said 
plurality of communications lines, each said Set of 
counterS Stored in a counter table in Said computer 
memory. 

24. The apparatus as in claim 23 further comprising: 
each Said counter table also having Stored therein a logical 

operator, Said processor responsive to Said logical 
operator and responsive to values read from Said hard 
ware registers, to calculate Said counter values. 

25. The apparatus as in claim 21 further comprising: 
Said different types of communications lines includes a T1 

line. 
26. The apparatus as in claim 21 further comprising: 
Said different types of communications lines includes a T2 

line. 
27. The apparatus as in claim 21 further comprising: 
Said different types of communications lines includes a 
OC3 line. 

28. The apparatus as in claim 21 further comprising: 
Said different types of communications lines includes a 
OC12 line. 

29. The apparatus as in claim 21 further comprising: 
Said different types of communications lines includes a 
SONET line. 

30. The apparatus as in claim 21 further comprising: 
Said different types of communications lines includes a 

line described in American National Standard for Tele 
communications. 
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8 
31. An apparatus for monitoring performance of a plural 

ity of communications lines, comprising: 
a set of hardware registers associated with each commu 

nications line of Said plurality of communications lines, 
the plurality of communications lines being Subdivided 
into different types of communications lines, and Said 
Set of hardware registers for each type of communica 
tions line chosen as appropriate for that type of com 
munications line; 

a computer memory; 
means for reading all hardware registers of Said Set of 

hardware registers, 
means for computing, in response to values read from Said 

hardware registers, values for counters used to monitor 
performance of each communications line of Said plu 
rality of communications lines, and to Store results of 
the computations in Said computer memory. 

32. A method for monitoring performance of a plurality of 
communications lines, comprising: 

Storing line data in a set of hardware registers associated 
with each communications line of Said plurality of 
communications lines, the plurality of communications 
lines being subdivided into different types of commu 
nications lines, and Said Set of hardware registers for 
each type of communications line chosen as appropri 
ate for that type of communications line; 

reading all hardware registers of Said Set of hardware 
registers by a processor, 

computing, in response to values read from Said hardware 
registers, values for counters used to monitor perfor 
mance of each communications line of Said plurality of 
communications lines; and, 

Storing results of the computations in a computer memory. 
33. The method of claim 32 further comprising: 
updating, upon expiration of a predetermined period of 

time, Said counters. 
34. The method of claim 32 further comprising: 
arranging counters in Sets, with a said Set of counters 

arranged for each communications line of Said plurality 
of communications lines, each Said Set of counters 
Stored in a counter table in Said computer memory. 

35. The method of claim 32 further comprising: 
Storing in each Said counter table a logical operator, Said 

processor responsive to Said logical operator and 
responsive to values read from Said hardware registers, 
to calculate Said counter values. 

36. An apparatus for monitoring performance of a plural 
ity of communications lines, comprising: 

a set of hardware registers associated with each commu 
nications line of Said plurality of communications lines, 

a computer memory; 
a processor to read all hardware registers of Said Set of 

hardware registers, Said processor to compute, in 
response to values read from Said hardware registers, 
values for counters used to monitor performance of 
each communications line of Said plurality of commu 
nications lines, and to Store results of the computations 
in Said computer memory. 

37. The apparatus as in claim 36, further comprising; 
Said plurality of communications lines being Subdivided 

into different types of communications lines, and Said 
Set of hardware registers for each type of communica 
tions line chosen as appropriate for that type of com 
munications line. 
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38. A method for monitoring performance of a plurality of hardware registers for each type of communications 
communications lines, comprising: line chosen as appropriate for that type of communi 

asSociating a set of hardware registers with each commu- cations line. 
nications line of Said plurality of communications lines, 5 40. A computer readable media containing instructions for 

reading by a processor all hardware registers of Said Set of execution on a processor for the practice of the method of 
hardware registers, claim 5 or claim 32 or claim 38. 

computing by Said processor, in response to values read 41. Electromagnetic Signals propagating over a computer 
from Said hardware registers, values for counters used 
to monitor performance of each communications line of 10 
Said plurality of communications lines, and to Store 
results of the computations in Said computer memory. processor for the practice of the method of claim 5 or claim 

39. The method as in claim 38, further comprising: 32 or claim 38. 

network, Said electromagnetic Signals carrying information, 
Said information having instructions for execution on a 

Subdividing Said plurality of communications lines into 
different types of communications lines, and Said Set of k . . . . 


